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Chem 401 Productions 1 
Am I More Awake?  Or Just Not So Sleepy? 
The Effects of Caffeine (and Adenosine) on the Body 
 
Overall Goals of Lesson: 
This series of modules was developed to help 
middle school students make healthier choices with 
respect to drug consumption, however the ideas 
explored should also empower student to make 
healthier decisions regarding their food and 
beverage intake. 
 
During this lesson students will explore how 
caffeine interacts with the body and how it 
accomplishes this due to its structural similarity to 
adenosine, a chemical naturally found in the body.  
This class will inform students about what products 
contain caffeine, the description of the caffeine and 
adenosine molecule, an introduction to how 
caffeine and adenosine interact with the body and 
the effects they have.  Developing an understanding 
of a molecule like caffeine, a molecule commonly 
consumed by the public, should make it easier to 
recognize how and why molecules like nicotine (in 
tobacco products), ethanol (in consumable alcohol), 
THC (in marijuana), heroin and other opioids, can 
have affects on the body.  By providing this 
background, we hope middle students will make 
healthier choices regarding their food, drink, and 
drug consumption. 
 
(This is written as the second in a series of modules 
involving chemicals such as sucrose/table sugar, 
nicotine, and ethanol.  As written it should be able 
to stand alone from the other modules, however the 
first module on sucrose/table sugar may give some 
helpful background. The other modules are found 
at digital.kenyon.edu/celchem401) 
 
Contents: 
p. 2 Instructor & Background notes 
p. 7 Preliminary Reading 
p. 9 Activities 
p. 18 Worksheet for Models, etc. 
p. 19 Worksheet Solutions 
p. 21 Appendix A: Chemical Structure 
 
 
Focus of Classroom Lessons and Activities: 
This module will explore caffeine’s binding to the 
adenosine receptors and some effects attributed to 
this binding event.  This module will also start to 
build a basic understanding of how chemicals that 
are not normally required for body function can 
interact with the body and elicit response (ex. 
artificial sweeteners, nicotine in tobacco products, 
ethanol in consumable alcohol, THC and CBD from 
marijuana, etc.).  Essentially, molecules like 
caffeine have to “hijack” receptors that bind with 
chemicals that are naturally found in the body, and 
this process starts a cascade of events that results in 
effects associated with a chemical like caffeine. 
 
Key Learning Objectives:  
1. The products in which caffeine is found. 
2. Understanding the caffeine molecule, with 
comparison to adenosine. 
3. How caffeine interacts with the body, with 
comparison to adenosine. 
4. Some short-term effects of using products that 
contain caffeine. 
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Background Information: 
Caffeine General Information: 
Caffeine, C8H10N4O2, is naturally found in a 
number of plants, with coffee beans and tea leaves 
being the most well-known sources. (Figure 1.)  
While caffeine is not naturally found in the human 
body (i.e. it is an exogenous chemical), when we 
ingest the molecule it is able to have impact on the 
body.  One of the most noticeable consequences is 
to reduce the urge to sleep, but caffeine also has 
other effects including medical uses in treating 
migraines, increasing blood pressure and 
vasoconstriction, etc.  In this module, caffeine’s 
ability to affect sleep will be explored because that 
is likely the outcome that is most well-known to 
younger students.  
 
The following review materials for sleep and 
caffeine may be helpful (but not required).  Meyer 
& Quenzer is a textbook, but most are freely 
available on the web if doing an internet search.  
(Some are written as general interest articles and 
others as technical papers.) 1–9  
 
In examining caffeine’s affect on sleep, students 
will continue to explore the nature of chemical-
receptor binding which is the foundation for 
how many chemicals interact with the body.  In 
this case, the students will examine how 
similarities in the structure of chemicals (that is, 
the similarities in the structure of the molecule) 
can allow multiple chemicals to bind to the same 
receptor, which mimics the underlying reason 
why chemicals like THC (in marijuana), heroin, 
etc., can affect the body. 
 
Chemical-Receptor Binding: 
This concept was introduced in the sucrose (table 
sugar) module, which can be found at Digital 
Kenyon (digital.kenyon.edu/celchem401sucrose).  
The first paragraphs are similar to those in other 
modules of this series, but the final paragraph(s) 
are specific to the molecule of focus. 
 
Receptors are typically proteins (molecules 
composed of thousands of atoms that are arranged 
as a series of amino acids) that are embedded in a 
cell membrane or located within the cell, and their 
activation often triggers a chain of events that 
results in an effect on the body.  (Figure 2.) 
  
Figure 1.  Representation of the caffeine molecule, 
C8H10N4O2.  All nitrogen (N) and oxygen (O) 
atoms are shown, but for clarity of structure, 
carbons (C) and hydrogens (H) are not.  Bonds are 
represented by lines.  A detailed structure for 
caffeine showing all atoms is found in Appendix I. 
Figure 2.  A common mode of chemical-receptor 
binding. (Red arrow) A chemical from the 
extracellular side of the cell membrane interacts 
with the receptor embedded in the cell membrane.  
(Blue arrow)  The chemical binding may triggers a 
chain of events that alerts the internal cell 
components to the presence of the chemical in the 
body.  (Green arrow)  This may also cause signals 
to be sent to other cells throughout the body. 
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In many cases, receptors are integrated into the cell 
membrane and this allows them to interact with 
molecules circulating in the body (i.e. outside the 
cell).  The receptor is activated by interacting or 
“binding” with a specific chemical(s).  To bind with 
the receptor, the chemical must have a shape or 
charge distribution that is complementary to that in 
the receptor’s binding pocket (location where the 
interaction takes place).  This interaction typically 
causes a change in the receptor shape and this 
essentially transfers the contact information to the 
inside of the cell. This transfer of information can 
enhance or inhibit normal cellular processes, and 
this is the start of the cascade of events that allows 
a chemical (like a drug or food) to have an affect on 
the body. 
 
Example:  The chemical-receptor binding is much 
like getting a stone in a shoe.  The stone is the 
chemical that binds with the larger receptor, the 
person.  Once the stone is in the shoe, (the binding 
pocket) the person often changes their gait or 
contorts to remove the stone.  This is akin to the 
receptor’s change of shape which signals binding to 
the rest of the cell. 
 
An important note to remember is that when any 
molecule and receptor binds or interacts, it is only 
for a limited amount of time, and then the molecule 
is released.  This allows for another molecule to 
bind and release subsequently.  Additionally, each 
binding event may trigger a series of actions in the 
cell that can result in an affect on the body.  The 
effects produced, however, depend on what 
chemical and receptor interact. 
 
In this case, caffeine will compete with adenosine 
(the endogenous, or naturally occurring chemical in 
the body) for the same binding pocket on the 
adenosine receptor.  The binding of each molecule, 
adenosine or caffeine, will produce a different 
outcome on the body – sleepiness or lack of 
sleepiness, respectively. 
 
Caffeine – Interactions with the Adenosine 
Receptor: 
For caffeine (or any exogenous chemical we ingest) 
to have an impact it must utilize a system that 
already exists in the body.  That is, caffeine must 
“exploit” or “hijack” receptors or reactions that are 
pre-existing in the body.  With respect to the 
sleep/wake cycle, caffeine will use the adenosine 
receptor to reduce the body’s drive to sleep. 10–12  
Normally, the adenosine receptors in the brain 
interact with the molecule adenosine and the more 
interactions over a given time period, the greater the 
push for the body to sleep.  
 
Adenosine, Caffeine, & Sleep: 
Adenosine is a chemical that is naturally part of the 
body and it is probably most well known as a 
component of DNA, RNA, and ATP (adenosine 
triphosphate).  ATP is an important molecule for 
energy storage in the body, and it fuels a person’s 
ability to think and move.  To release energy, ATP 
chemically reacts and adenosine is one of the 
products of this process.  Thus, when a person uses 
more energy during the day – regardless of whether 
it is from physical or mental exertion – more 
adenosine will be produced.  As the concentration 
of adenosine increases in the brain, there will be an 
increased number of interactions between these 
molecules and their natural receptors, the adenosine 
receptors. (Figure 3)  The binding of adenosine to 
its receptor causes a cascade of events that sends 
signals to the appropriate parts of the brain that 
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makes a person feel tired and promotes sleep to 
occur.   
 
The caffeine molecule has a similar chemical 
structure to adenosine (Figure 3.) and thus can bind 
to the adenosine receptor in a similar manner as 
adenosine.  The similarity ends there however.  
Caffeine’s interaction does not cause the same 
downstream cascade of events to occur as 
adenosine, and in consequence, no signal is passed 
through the brain that it should feel sleepy.  To that 
end, caffeine doesn’t make a person feel more 
awake, just less sleepy.  
 
Caffeine and Adenosine Compete to Interact with 
the Adenosine Receptor Binding Site: 
When caffeine is bound to the adenosine receptor it 
occupies the location in which adenosine normally 
binds.  (Figure 4)  Thus, when both the adenosine 
and caffeine molecules are present, they will 
compete for that binding site on the receptor.  This 
competition will happen repeatedly since the 
binding events are temporary, that is, caffeine or 
adenosine will bind to the receptor for a short 
period of time and then release.   
 
This also means the concentration of the 
molecule (caffeine or adenosine) is also 
very important.  The chemical with the 
greatest number of molecules around the 
receptor is likely to win the competition for 
binding and have most influence on the 
body, in this case, with respect to the drive 
to sleep.  However, as the concentration of 
the molecule in the minority increases (ex. 
caffeine) the probability that it will bind 
will increase, and that will affect the 
downstream consequences on the body.  
To that end, the more caffeine a person 
ingests (particularly at night) the more it can 
outcompete adenosine for the occupation of the 
receptors binding site – and consequently, a person 
will feel less sleepy.  In contrast, after a particularly 
energetic day when a lot of adenosine is produced 
it will be more difficult for caffeine to outcompete 
adenosine, and the drive for sleep will be significant 
or overwhelming (ex. person has “microsleep” 
events, or an unexpected nap). 
 
Figure 4.  Caffeine and adenosine compete for the same binding 
site on the adenosine receptor.  When the site is occupied by either 
of the molecules, the other molecule can’t bind.  Only the binding 
of adenosine causes subsequent events that result in sleepiness. 
Figure 3.  Representation of adenosine and caffeine 
molecules.  Both molecules have two conjoined 
rings of similar structure.  Some carbons (C) and 
hydrogens (H) are not shown for clarity.  A detailed 
structure for caffeine showing all atoms is found in 
Appendix I. 
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Why We Sleep: 
Our scientific understanding of sleep is still 
evolving, but research points toward sleep being 
important in the process of memory formation and 
learning. 1,3,7,9,13–15  All animals spend a significant 
portion of their life sleeping and during this time the 
defensive capabilities are diminished, thus it seems 
that if lives are risked for sleep, it should be 
important.  Scientific evidence suggests that 
processes that occur during sleep helps the brain 
organize the information of the day, thus 
strengthening our ability to learn, memorize, link 
new experiences to pre-existing memories, and de-
emphasize less important information of the day.  
Ultimately good sleep habits appear to help a 
person make logical decisions and be creative.  In 
addition, sleep is postulated to be related to a 
healthy immune system, metabolism and emotional 
control.  Overall, it must be stressed that sleep is an 
important for proper body and brain function.  It is 
also important to know that caffeine is not the only 
chemical that can disrupt sleep (for example, 
amphetamines, ethanol in consumable alcohol, 
tyramine in bacon, cheese, etc.) so it is important to 
make healthy choices in food, drink and drug 
consumption. 
 
A Few Other Effects of Caffeine: 
Caffeine also promotes the release of adrenaline in 
the body, which is the body's arousal chemical. This 
can often lead to the jittery feelings that accompany 
coffee drinking or the ingestion of caffeine-based 
“stay awake” pills.  
 
Caffeine also increases dopamine release, which is 
often described as the body’s feel-good chemical – 
but research indicates this is not the case, and that 
dopamine is more related to increasing a person’s 
motivation to repeat an action or their expectation 
of an action. 2,16–19  To that end, dopamine is a key 
player in the chemical mechanisms of dependence 
and addiction.  It is likely this partially underlies the 
apparent dependence some people have on caffeine. 
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      Caffeine – Reading and Questions       
 
 
This preliminary reading is designed to give the students a short informative introduction to caffeine and 
how it works in the body.  There are questions integrated into the reading. 
 
 
 
Reading Objectives: 
 What is caffeine 
Products in which it is contained 
Chemical formula 
Chemical structure 
 Without caffeine , why do we feel tired  
Adenosine and the adenosine receptor  
 What happens when there is caffeine in our body  
How caffeine enters the body  
Blocking of the adenosine receptor 
 Effects in the body  
Binding to the adenosine receptor  
Blocks adenosine from binding 
 The negative effects  
Disrupts the sleep cycle  
Can lead to other bad health effects  
 
 
 
N.B.  Explicit structures for the adenosine and caffeine molecule.  (See Appendix A for details) 
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      Spilling the Beans on Caffeine      
 
What is caffeine? 
Caffeine is a chemical found in products such as 
coffee, tea, sodas, energy drinks, chocolate, and 
even ice cream.  Caffeine has a chemical formula of 
C7H10N4O2 meaning it has 
seven carbon atoms (C), four 
nitrogen atoms (N), two 
oxygen atoms (O), and ten 
hydrogen atoms (H). 
 
Thinking of the products mentioned above why do 
you think people use caffeine? People consume 
drinks such as coffee and energy drinks to make 
them feel more energetic and awake.  But what is 
really happening when caffeine is in the body? 
  
Without caffeine, why do we feel tired? 
As we go through our day going to school, sports, 
running around with our friends, and doing 
homework, we start to feel tired and ready for bed.  
This is because of the buildup of another chemical 
found in our body called adenosine.  When your 
body burns energy, it creates adenosine.  As the day 
goes on, the amount of adenosine in our brain 
increases and binds to the adenosine receptor.  This 
is one reason why we start to feel sleepy. 
  
What happens when there is caffeine in our 
bodies? 
When someone drinks coffee, tea, or an energy 
drink, the caffeine enters the bloodstream from the 
lining of the mouth, throat, stomach and small 
intestine.  Once in the bloodstream, caffeine travels 
to the brain where it plays a trick on the brain.  
When caffeine enters the brain, it acts as an 
adenosine antagonist, meaning it binds to the same 
receptors as adenosine.  Review Question: What 
is the name of the receptor that adenosine and 
caffeine bind to? When both caffeine and 
adenosine are present in the body, the receptor is 
more likely to bind the caffeine, thus blocking 
adenosine’s ability to bind to the receptor.  But how 
does this give us energy? This action does not give 
you energy by blocking adenosine from binding to 
the receptor.  Rather, it blocks the sleepy feeling we 
would normally get from adenosine binding, 
therefore making us feel less tired.  Essentially, 
caffeine tricks the brain into feeling less tired by 
blocking the sleepy signal.  However, once caffeine 
leaves the body, the adenosine is still there, and the 
sleepy signal will no longer be prevented.  So, if the 
person still wants to stay awake, they have to 
consume more caffeine. 
  
Is caffeine good or bad? 
Why would caffeine be a bad thing to drink? 
Caffeine disrupts the sleep cycle and a lack of sleep 
is bad for our health.  Sleeping gives our brain and 
body time to repair itself after all the hard work, 
bumps and bruises we give it, and it generally helps 
our brain work properly.  If we have too much 
caffeine and don’t get enough sleep, our brain and 
body don’t have time to rest.  Without sleep we 
would have no energy to do anything nor be able to 
remember what we learned the day before.  The use 
of caffeine also increases your heart rate and high 
amounts of caffeine can increase your heart rate to 
dangerous levels.  High amounts can also lead you 
to feel nervous and shaky, and can lead to 
headaches, stomach issues, and dehydration.   
  
Challenge Question:  Caffeine can trick the body 
because its molecule has a structure that is 
similar to that of adenosine.  What part of the 
adenosine molecule looks like the caffeine 
molecule?  (The following structures have most 
carbon and hydrogen atoms removed for clarity 
of structure.) 
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Classroom Activities 
 
 
Objective 1: 
The products in which caffeine is found and how it enters the body. 
 
Learning Goals:  
• Learn that caffeine is found in a variety of beverages and foods 
• Understand how caffeine enters the body after ingestion (mainly absorbed into the body from the 
intestines, but also some absorption from the stomach) 
 
 
Classroom Discussion  Using Caffeine Product Images:    
 
Materials:  
• Images of products which contain caffeine (i.e. chocolate, coffee, tea, energy drinks and foods).  A 
hardcopy version (11x17 paper) can be found in the provided toolkit, and a PowerPoint version of 
images can be found with the supplemental information at digital.kenyon.edu/celchem401caffeine.  
 
 
1.1 Ask students about their knowledge of where caffeine is found, what products contain caffeine, etc. 
 
If students know about caffeine and the products that contain it:  
• Ask students to name different products they know contain caffeine.  Use the caffeine product images 
to help students with less knowledge become familiar with the look of the product.  
• While caffeine is commonly associated with beverages, but is now found in a variety of “stay awake” 
products 
• Use the caffeine product images to introduce products the class did not name and ask the students if 
they know what it is, and if caffeine is contained in it.   
• Note some products with caffeine look similar to those without and vice versa, so it is important to 
look at the labels. 
 
If students do not know about caffeine and the products that contain it:  
• Mention that caffeine is commonly associated with beverages, however it is not limited to these.  Show 
each of the caffeine product images and ask the students if they know what it is and if caffeine is 
contained in it.   
• Note some products with caffeine look similar to those without and vice versa, so it is important to 
look at the labels. 
 
1.2 Ask students if they know what effects caffeine has on the body  
 
In brief (slightly expanded explanations are found in the Background Information)  
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• Adenosine is produced as we burn energy throughout the day.  The adenosine molecule make us feel 
sleepy by binding to the adenosine receptor, which sends a “sleep” signal to the appropriate parts of 
the brain.    
• When caffeine binds to the adenosine receptor, it blocks adenosine from binding and thus the sleep 
signal can’t be sent.  Sleep is required to help the body properly learn and store memories, as well as 
repair and regenerate for the next day. 
 
1.3 Ask students if they know particular reasons why people might consume (or avoid consuming) 
caffeine. 
 
In brief (slightly expanded explanations are found in the Background Information)  
• Some people will drink caffeinated beverages to feel less sleepy.   
• Others will avoid consuming such products so they don’t have difficulty sleeping.  In addition, some 
people avoid caffeine for the other side effects it causes, for example the jittery feeling that is 
associated with elevated adrenaline production when caffeine is ingested. 
 
1.4 Ask students if they know why we sleep and if it is important. 
 
In brief (slightly expanded explanations are found in the Background Information)  
Sleep is required to help the body properly learn and store memories, as well as repair and regenerate for 
the next day 
 
 
 
Objective 2: 
Understanding the caffeine molecule, with comparison to adenosine. 
 
Learning Goals:  
• Understand the connection between the molecular formula of caffeine, C8H10N4O2, and the atoms 
represented in the caffeine model.   
• Understand the spatial arrangement of the atoms in caffeine by examination of the model. 
• Understand the “flexibility” of the caffeine molecule by trying to rotate and bend the model. 
• Understand the similarities and differences between the caffeine and adenosine molecules. 
 
 
Classroom Activity Using Model of Caffeine and Adenosine Molecule :  
 
Materials:  
• Models of a caffeine molecule and an adenosine molecule.  This model can be found in the provided 
toolkit.  (Any chemical model building kit can but used, but the components for these models were 
purchased from Maruzen’s HGS shop. 20)  
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• Worksheet for recording observations can be found at the end of this narrative. 
 
Details: 
2.1 Introduction of the model and connection to molecular formula 
of caffeine, C8H10N4O2.  (See Figure 5.) 
 
a. Ball and stick model: Review what each color ball represents  
(Black = Carbon, Red = Oxygen, Blue = Nitrogen, Light Grey = 
Hydrogen).   
b. Count the number of carbon atoms (black spheres).  There should be 
eight carbons (C). 
c. Count the number of hydrogen atoms (light grey spheres).  There 
should be ten hydrogens (H). 
d. Count the number of nitrogen atoms (blue spheres).  There should be 
four nitrogen (N). 
e. Count the number of oxygen atoms (red spheres).  There should be 
two oxygen (O). 
f. Determine the molecular formula for caffeine.   
Examining the answers about the atom counts above, the formula can 
be seen to be C8H10N4O2 , where the subscripts record the number of 
each type of atom.  Each atom type is abbreviated, carbon = C, 
hydrogen = H, nitrogen = N, oxygen = O.   
(While there is a conventional way to order the atoms types, ex. C 
followed by H, etc., changes in this order does not hinder the 
chemical understanding.) 
 
2.2 Examine the caffeine molecule more specifically with respect to size, 
shape, and flexibility.   
 
a. Are there certain types of bonds that will rotate and others that will 
not??   
• Of the features mentioned below, caffeine’s structure contains 
single bonds, double bonds, and rings.  Information about other 
types of bonds and rings will be discussed in case students are 
comparing ethanol with a molecule that has these features.  
• Single bonds allow free rotation around the bond.  An example is 
seen in Figure 7.  Looking at figure 5b, free rotation also occurs 
with each bond that correspond to single lines and is not part of a 
ring system. 
Students should twist the molecules to see how they can move.  
In some molecules these rotations can significantly change the 
shape of the molecule, and in many cases, only a subset of those 
shapes will fit and interact well with the receptor.    
Figure 6.  Illustration of single 
bond rotation in sucrose. (Yellow 
curved arrow.) Double and triple 
bonds cannot do this, nor can bonds 
that are part of a ring. 
Figure 5.  Caffeine molecule 
illustrated by two models.  Both 
models are in a similar orientation.  
(a)  Ball and stick model.  carbon 
atoms = black; oxygen atoms = 
red; nitrogen atoms = blue; 
hydrogen atoms = light grey. 
(b)  Representation where carbons 
and hydrogens are not illustrated 
for clarity of structure 
a) 
b) 
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This free rotation is due to the bonding electrons staying close to the internuclear axis.  (ex. the stick 
representing the bond is the internuclear axis.) 
• Double bonds and triple bonds do not allow free rotation.  These are represented by double or triple 
lines respectively.  None are found in caffeine or adenosine, but when present in other chemicals 
these areas of the molecule are fixed with respect to their shape. Students should be able to “feel” 
this rigidity when handling the models. 
The lack of free rotation is due to the 2nd and 3rd set of bonding electrons moving in areas that are 
located off of the internuclear axis.   
• Rings will limit the flexibility of the molecule in the region of the ring.  Caffeine has two rings fused 
together.  By handling the molecules students should be able to understand the limited flexibility 
• Scientists working to design drugs to interact with a certain receptor will take these ideas into 
account because molecular shape and flexibility often plays a role in the effectiveness of a 
medication.  For example, the chemical naloxone, sold as Narcan, block opioids from binding with 
the opioid receptor.  The chemical structure of naloxone and morphine are similar, thus fit into the 
binding pocket of the receptor in a similar way.   
 
b. Are there “rings” present?  If yes, are they flexible and able to bend a little “convex” and “concave” 
or are they rigid and have little flexibility? 
• Rings that are primarily composed of single bonds to the neighboring atoms in the ring are more 
flexible, like the six-atom ring in the caffeine molecule.  
• Rings that are composed of alternating single and double bonds are relatively stiff, like the five-
atom ring in the caffeine molecule.  
 
c. Compare the caffeine molecule to the adenosine molecule.  Find similarities and differences.   
 
A physical comparison of the model of caffeine to the 
adenosine model will show that the two molecules share 
some similar regions in terms of shape.  (Figure 7.) 
 
Similarity –  
Caffeine has two conjoined rings, a 5-atom ring and a 
six-atom ring, each with two nitrogen (N) atoms (blue 
spheres in the model).  Adenosine has a similar set of 
conjoined 5- and 6-atom rings 
 
Differences –  
Adenosine has a third ring that is not found in the caffeine molecule. 
Comparing the conjoined rings (similarity above), notice there are different atoms attached off the 
sides of these rings.   
Adenosine’s six-member ring has two more double bonds than that of caffeine.  Those extra double 
bonds will make this region of adenosine more rigid than the similar region in caffeine. 
 
Figure 7.  Green highlights indicate regions 
of similar structure in caffeine and adenosine 
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d. Optional:  Knowing that both molecules bind at the same site on the adenosine receptor, hypothesize 
(make an educated guess) what part of the adenosine molecule interacts with the receptor and what 
part of the caffeine molecule interacts with the receptor.    
 
Research indicates that both molecules interact with the receptor in a similar way.  In this case, the 
structural features that are similar (the two conjoined rings, see highlighted are in Figure 7) will play 
a central role in helping each of the molecules bind to the receptor’s binding site. 10–12 
e. Optional:  Determine the molecular formula of adenosine. 
 
By counting the atoms in the same fashion as the previous question, the molecular formula of 
adenosine should be found to be C10H13N5O4.   
 
f. Optional:  Typical number of bonds from each atom type. 
 
If you look at a number of molecules (like caffeine, adenosine, and others in this series of lessons), 
patterns in bonding should start to emerge.  For the younger/newer chemist it can be empowering to 
recognize these patterns, and it helps to predict whether the molecular model being examined is 
reasonably assembled.  These patterns are the result of deeper chemical concepts that would be 
examined in a general chemistry course. 
 
• How many bonds (sticks between spheres) are associated with each carbon atom (black spheres).   
There should be four bonds (sticks) from each carbon atom.  This is the normal number of bonds 
associated with carbon.  
• How many bonds (sticks between spheres) are associated with each hydrogen atom (light grey 
spheres).   
There should be one bond (stick) from each hydrogen atom.  This is the normal number of bonds 
associated with hydrogen. 
• How many bonds (sticks between spheres) are associated with each oxygen atom (red spheres). 
There should be two bonds (sticks) from each oxygen atom.  This is the normal number of bonds 
associated with oxygen.  Oxygen is also found with one bond and three bonds, but this is less 
common. 
• How many bonds (sticks between spheres) are associated with each nitrogen atom (blue spheres). 
There should be three bonds (sticks) from each nitrogen atom.  This is the normal number of bonds 
associated with nitrogen.  Nitrogen is also found with four bonds, but this is less common. 
 
 
 
Objective 3 & 4: 
How caffeine interacts with the body, with comparison to adenosine. 
Some of the short-term effects of using products that contain caffeine. 
 
Learning  Goals:  
• Learn about the similarities and differences when the adenosine molecule binds to the adenosine 
receptor and when the caffeine molecule binds to the adenosine receptor. 
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• Learn that when adenosine binds to the receptor, it starts a cascade of events that relays a signal in the 
brain which prompts a person to feel sleepy. 
• Learn when caffeine binds to the receptor,  it does not start the cascade of events that triggers a sleepy 
feeling. 
• Learn that when caffeine binds to the receptor, it blocks adenosine from binding and thus decreases 
the signaling that results in sleepiness. 
 
 
Classroom Discussion/Activity 3.1 –  Review of Receptors and Chemical–Receptor Binding 
 
Materials:   
• Baseball Glove 
• Baseball 
• Frisbee or other object that can’t easily be caught by baseball glove 
 
The receptor concept was initially introduced in the sucrose (table sugar) module found at 
digitial.kenyon.edu/celchem401/sucrose.  If the students need review, activities from that module could 
be helpful. 
 
Review of basic idea and activity from sucrose module:   
Receptors are large protein molecules in the body (often found in cell membranes) that can “catch” or 
chemically interact with caffeine, adenosine or other molecules that can move through the body.  (Figure 
8.)  In many cases the receptor shows a distinct preference for certain molecules based on molecular 
shape as well as the positive and negative charges present on the molecule.   
 
 
In the sucrose module, an activity with a baseball glove (representing a receptor) and a variety of ball 
types (representing different chemical molecules, ex. drugs) helped to illustrate the concept.  For 
example, most receptors can only “catch” or bind with a limited number of chemical molecules, and the 
shape of the molecule is important in this interaction.  To illustrate the importance of molecular shape, 
it can be demonstrated that a baseball glove can easily “catch” or “receive” a baseball (ex. of a drug and 
receptor with complementary shapes), but it is more difficult/impossible to catch a basketball or frisbee 
with the baseball glove (ex. representing a drug with a shape that is not complementary to the receptor/s 
binding pocket).  
Figure 8.  Illustration of chemical-receptor binding using baseball glove and baseball.  To bind 
and potentially cause downstream effects in the body, the chemical must properly fit in the 
receptor’s binding pocket, i.e. the chemical and the binding pocket must have complimentary 
shapes.  They must also have some degree of charge complementarity. 
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Classroom Activity 3.2 – Chemical–Receptor Binding with Caffeine and Adenosine - Version 1 
 
Materials:   
• Baseball Glove 
• Baseball 
• Tennis ball or other ball that can be caught by the baseball glove and is of similar size to a baseball. 
 
Details: 
a. To demonstrate the normal process with adenosine binding to the adenosine receptor:  Toss the 
baseball (adenosine) to the baseball glove (adenosine receptor) so that it can be caught.  When the ball 
is caught, the person with the baseball glove could yell “you’re getting sleepy,” the signal that is 
normally sent through the brain when adenosine interacts with the receptor. 
b. To demonstrate the difference when caffeine binds to the adenosine receptor:  Toss the tennis ball 
(caffeine) to the baseball glove (adenosine receptor) so that it can be caught.  When the ball is caught, 
the person with the baseball glove stays silent.  This indicates that no signal is sent through the brain 
when caffeine interacts with the receptor. 
 
 
Classroom Activity 3.3 – Chemical–Receptor Binding with Caffeine and Adenosine - Version 2 
 
Materials:   
A setup akin to the following (Figure 9):  
• Camping light with a set of functioning batteries and with a set of 
dummy batteries (ex. similar sized dowels, etc.).  As a group, the 
set of functioning batteries will represent adenosine, and. as a 
group, the set of dummy batteries will represent caffeine.  The 
adenosine receptor’s binding site will be represented by the socket 
on the light where the batteries fit.   
• To help illustrate the idea of the signal being sent, a piece of paper 
could be taped over the light with the words “sleepy feeling” 
written on it. 
  
Alternative ideas to the phone and chargers: 
• Phone to represent the adenosine receptor and 2 phone chargers to 
represent the caffeine and adenosine imolecules.  The charger 
representing adenosine is plugged into the electric outlet, and the charger representing the caffeine is 
not plugged in.  The adenosine receptor’s binding site will be represented by the jack/socket on the 
phone where the charger plugs in. 
• A door knob with two keys.  One key should fit the key hole and lock the door (representing adenosine) 
and the other key should fit the key hole and not lock the door (representing caffeine). 
 
Details: 
c. Start with the phone with a dark screen (ex. phone sleeping) and the two chargers separated.  One 
charger (representing adenosine) should be plugged into electricity. 
Figure 9.  Camping light analogy 
to  a) adenosine binding to its 
receptor and sending a signal that 
is interpreted as a “sleepy feeling”, 
and  b) caffeine binding to the 
same receptor and sending no 
signal. 
a) b) 
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d. To demonstrate the effects of adenosine binding to the receptor, insert the charger representing 
adenosine (the one plugged into the electrical outlet) into the proper jack/socket on the phone.  The 
phone screen should illuminate and this is representative of the “go to sleep” signal being sent to the 
rest of the brain.  Depending on the brightness of the phone screen it may be possible to tape a tissue 
paper with the word “sleepy” to the screen, thus when the screen illuminates, sleepy will also 
illuminate. 
e. To demonstrate the effects of caffeine binding to the receptor, insert the charger representing caffeine 
(the one NOT plugged into the electrical outlet) into the proper jack/socket on the phone.  The phone 
screen should not illuminate and this is representative of lack of the “go to sleep” signal being sent to 
the rest of the brain. 
f. With the phone and chargers, the analogy can be continued in that sleep is needed to recharge the body 
similar to how the charger recharges the phone – although important details are different. That is, 
adenosine binding with its receptor causes signals to be sent to parts of the brain that can prompt sleep, 
but this signal in and of itself does not cause the body to “recharge,” unlike the connected phone 
charger. 
 
 
Classroom Discussion Ideas 3.3-3.7 – Caffeine and Adenosine 
 
3.3 At the end of the day, after school, practice and/or homework, do you have a lot or a little adenosine 
in your body? 
A lot.  Adenosine is produced from the body using energy for mental and physical tasks.  
 
3.4 If there is a lot of adenosine binding to the adenosine receptors, what is the result?  
Signals are sent through brain that make a person feel sleepy, and the body will be prompted to sleep.   
 
3.5 When caffeine binds to the adenosine receptor can adenosine also bind?  And vice versa. 
No, caffeine and adenosine cannot bind simultaneously.  (See Figure 4.)  Since both adenosine and caffeine 
interact with the same binding pocket on the adenosine receptor, when caffeine is bound it blocks 
adenosine’s ability to bind – and vice versa.  (For brief introduction, see Background Information section 
on “Caffeine and Adenosine Compete…”.) 
 
3.6 Do you think sleep is important?  What evidence can you use to support your answer. 
Sleeping leaves a person or animal relatively defenseless and unaware of the surrounding for a significant 
portion of the 24 hour day.  Consequently, it is thought that the benefits to sleep must outweigh the danger 
most animals experience while asleep, unaware and defenseless. 
 
3.7 Why do you think we sleep?  What happens in the body when we sleep? 
In brief (a slightly expanded explanation is found in the Background Information, including references)  
Sleep is required to help the body properly learn and store memories, as well as repair and regenerate for 
the next day.  
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Classroom Activity 3.8 – Chemical–Receptor Binding with Caffeine and Adenosine 
 
Learning Goals:  
• Review and reinforce the similarities and differences between the molecules and effects of caffeine 
and adenosine. 
 
Materials: Paper or board space to draw a Venn diagram as shown 
in Figure 10. 
 
 
Questions to Guide Discussion and Formation of Venn Diagram 
a. Students should review and then state what they know about the origin of the caffeine and adenosine.  
The instructor or another student will record the information in the appropriate location in the Venn 
diagram. 
• Caffeine is made outside the body and must be ingested or otherwise administered to get into the body.  
Caffeine is naturally made by plants like in the coffee bean or tea leaf, or produced in a chemical 
factory. 
• Adenosine produced in the body as a result of energy usage from physical or mental activity during 
the day.  It is a product of ATP breakdown.   
 
b. Students should review and then state the similarities and differences between the caffeine and 
adenosine molecules.  The instructor or another student can record the information on a blackboard, 
etc.  
  
Figure 10.  Example of Venn diagram 
structure 
Figure 11.  Venn diagram regarding the molecules adenosine and caffeine, including some 
characteristics students should notice from this lesson. 
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Caffeine and Adenosine Worksheet 
 
1.  Circle the molecule your team is investigating:         Caffeine               Adenosine 
2.  List the elements found in your molecule: 
Element Name Element Symbol 
Color of Element 
in Plastic Model 
   
   
   
   
 
3.  What is the molecular formula of your molecule? 
 
 
4.  Does your molecule naturally occur in the body (is it made in the body) or come from somewhere 
outside the body?  (Circle response and answer corresponding question – skip the other question) 
          Made in body  (answer question a)                            Not made in body  (answer question b) 
 
 
a.  If your molecule is made in the body:  Why does the body make this molecule and what effect does it 
have in the brain (how does it make you feel)? 
 
 
b.  If your molecule is not made in the body:  How does your molecule enter our body and what effect 
does it have in the brain (how does it make you feel)? 
 
 
5.  How does your molecule interact with the brain?  How does your brain’s signal then make you feel?   
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Caffeine and Adenosine Worksheet Answers 
1.  Circle the molecule your team is investigating:     Caffeine        Adenosine     (general notes are green) 
2.  List the elements found in your molecule: 
Element Name 
Element 
Symbol 
Color of Element 
in Plastic Model 
Number of These Atoms 
in Molecule 
Carbon C Black 8      10 
Hydrogen H Light grey 10      13 
Nitrogen N Blue 4     5 
Oxygen O Red 2    4 
 
3.  What is the molecular formula of your molecule? 
Caffeine     C8H10N4O2    -------  no worries about order of elements  
Adenosine     C10H13N5O4     -------  no worries about order of elements 
4.  Does your molecule naturally occur in the body (is it made in the body) or come from somewhere 
outside the body?  (Circle response and answer corresponding question – skip the other question) 
Adenosine is made in body  (answer question a)            
Caffeine is not made in body.  It comes from outside sources like coffee or many soda pops (answer 
question b) 
a.  If your molecule is made in the body:  Why does the body make this molecule and what effect does it 
have in the brain (how does it make you feel)? 
Adenosine: Energy is needed to power through the day and adenosine is made as a product (as a result) 
of the body utilizing “energy molecules” like ATP  - which can come from sugar’s metabolism.  When 
there is more adenosine in the brain a person tends to feel sleepier.  – Sleep is needed so the body can 
rest and repair itself. 
FYI  – “Sugar” here is glucose or fructose going through glycolysis.  Sucrose (table sugar) can’t enter 
body directly but needs to be broken down into glucose and fructose before being absorbed through the 
intestine.   
 
b.  If your molecule is not made in the body:  How does your molecule enter our body and what effect 
does it have in the brain (how does it make you feel)? 
Caffeine: Caffeine typically enters the body through foods like coffee, chocolate, energy products (ex. 
Red Bull) and many soda pop varieties.  Caffeine keeps a person from feeling sleepy and this can make 
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a person feel more alert.  However, if a person doesn’t sleep then the body cannot rest and repair itself 
properly. 
 
5.  How does your molecule interact with the brain?  How does your brain’s signal then make you feel?   
Both molecules (adenosine and caffeine) interact with the adenosine receptor.  
Adenosine binds to its natural receptor (the adenosine receptor) and sends a signal to the appropriate 
parts of the brain.  The signal is interpreted as “I want to sleep now.” 
Caffeine binds to a receptor (the adenosine receptor)  and sends no signal through the brain, thus does 
not prompt a sleepy feeling.  When caffeine occupies the adenosine receptor it also blocks the 
adenosine from binding, and thus the “I want to sleep now” signal is not sent. 
FYI– When the molecule binds to the receptor, it is not a permanent association.  That means the 
molecules bind, leave, bind, leave, etc. until they are eliminated from the body.  So, the caffeine and 
adenosine will compete to bind to the receptor, and when there is more caffeine in your system (a 
higher caffeine concentration) there will be less chance for adenosine to bind and send the sleepy 
signal.  
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Appendix A -   Translating Bond-Line Structures   ( also known as Skeletal or Stick Structures) 
A bond-line structure is a short-hand way to quickly and efficiently convey the chemical structure of a 
molecule.  This structure removes the explicit representation of many carbon (C) and hydrogen (H) atoms, 
thus the underlying structure of the molecule is often more easily visualized.  Ultimately, this  abbreviation 
allows for a less complicated looking structure and with practice makes comparison of the  molecule’s 
structure more straightforward.   
For the molecules explored in these modules, there are four rules that will allow the translation of the bond-
line structure to the more detailed structure that indicates the location of each atom. 
Bond -Line Structure Rules: 
1. LINES =  bonds between atoms 
2. ENDS of lines & VERTICES of lines = Carbon atoms 
3. Every C atom always has 4 bonds.  If 4 bonds are not explicitly shown, then the missing 
(invisible) bonds are to Hydrogen atoms   
4. All other atoms will be explicitly shown 
The rules of the abbreviation results from common patterns seen in many molecules, particularly that carbon 
atoms (C) tend to form the skeleton of the structure, and these carbon atoms are almost always found with 
four bonds.  It is for that reason, the location of carbons atoms with four bonds are abbreviated as the “end” 
and “vertex” of every line (rule 2) - with each line segment representing a bond (rule 1).  Rule 3 stems from 
the fact that the only carbon atoms that are abbreviated have found bonds, and that many of those bonds 
connect to hydrogen atoms. 
This first set of molecules are intended as an introduction or practice set if this notation is unfamiliar.  The 
molecules used in the sucrose, caffeine, ethanol, and nicotine modules are found on the following pages. 
 
Five example molecules.  The bond line representation of chemical structure is on the left and the explicit 
representation on the right.  The carbon (C)atoms that follow rule two are shown in red on the right and the 
hydrogen (H) atoms that follow rule 3 are blue.  The same color scheme is employed on all the structures 
in this appendix. 
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Sucrose Module Structures of Interest: 
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Caffeine Module Structures of Interest: 
 
 
 
 
Ethanol Module Structures of Interest: 
 
 
Nicotine Module Structures of Interest: 
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